Our purpose is to assess efficacy and complications of preputial skin graft for treatment of penile curvatures by grafting corporoplasty. Five congenital curvature and 14 Peyronie's disease patients were treated by grafting corporoplasty using preputial skin. Patients were evaluated by medical history and International Index of Erectile Function-5 (IIEF-5) questionnaire. After injectioninduced erection, patients were evaluated by penile length measurement and color Duplex. Patients were re-evaluated 1 month later and advised to start intercourse. Patients were also evaluated during the 3rd and 12th months postoperatively, as per the original protocol. By the end of the follow-up period, 75% of patients were satisfied with straightened penises, without dilatation of the graft (ballooning) or venous leakage. Patients also exhibited a mean increase of two units in IIEF-5 score. Penile straightening and satisfaction rate were lower in the remaining 25% of patients, but no complaints of worsening erection or bulging of the graft area were reported. Preputial graft is an inexpensive procedure involving a tissue familiar to the urologist. The results of grafting corporoplasty are promising, without significant complications.
Introduction
Penile curvature is a congenital or acquired deformity due to Peyronie's disease, usually obvious during erection, occasionally causing pain or difficulty in penetration during intercourse. Penile shortening can also occur, negatively impacting the patient's sexual and social life. Although there exist a variety of conservative treatments with minimal effect, surgical treatment provides better long-term results. 1 If erectile dysfunction refractory to conservative treatment is present, insertion of an inflatable penile prosthesis (with or without a modeling maneuver) can straighten the penis. 2 When erectile function is preserved, classical Nesbit and plication techniques are the most frequently used, with satisfying results. However, shortening of the penis is a common complaint among the majority of patients. 3 This side effect, especially when curvature is prominent, can be avoided by using techniques such as plaque excision or incision and grafting, with or without plication of the opposite side. 4 Many different materials have been used as grafts, such as autologous dermal graft, saphenous vein, tunica vaginalis, pericardium and buccal mucosa. Artificial and non-autologous grafts such as porcine intestinal mucosa have also been used. All these grafts have varied advantages and disadvantages, such that determining the optimal tissue for this procedure is a matter of pressing interest. 5 We therefore aim to prospectively assess efficacy and possible complications of using a preputial graft to cover the plaque incision gap, for treating congenital and acquired penile curvatures.
Patients and methods
This study has been approved by the Scientific and Ethics Committee of 'G.Gennimatas' General Hospital of Thessaloniki/Greece.
Nineteen patients aged 20-68 years old (mean 44) underwent surgical correction of their penile curvature, according to the technique described below. Five of them had congenital curvature (group A) and the other 14 had Peyronie's disease (group B). No patient had received previous treatment for his deformity.
In group A, patients' age ranged between 20 and 29 years (mean 24.5). Two patients had 301 left lateral curvature and one of them also exhibited slight ventral rotation. The remaining three patients had 401 dorsal, 351 ventral and 901 ventral curvature, respectively.
In group B, patients' age ranged between 31 and 68 years old (mean 49.5). The mean duration of stable disease was 16.8 months. Eight patients presented with a 301 dorsal curvature and three also had 401 left rotation. Two patients had 401 dorsal curvature; one of them also had 301 left rotation and the other 401 right rotation, respectively. One patient presented with 901 dorsal and 301 left curvatures. Two patients had only 301 left lateral curvature, whereas one patient had 901 right lateral and 301 ventral curvatures.
The initial investigation included full medical and sexual history, International Index of Erectile Function-5 (IIEF-5) questionnaire, physical examination, penile ultrasound scan and color Duplex of the cavernous arteries after Intracavernosal Injection (ICI) of alprostadil (20 mg). Penile length in full erection was recorded, and Post Systolic Velocity (PSV) and End Diastolic Velocity (EDV) 6 of the cavernous arteries as well as Resistive Index (RI) 7 were determined.
Follow-up visits were scheduled during the 1st, 3rd and 12th months postoperatively. During the first visit, the patient reported possible problems, underwent physical examination and was advised to start sexual activity. During the following two visits, the patients filled out the IIEF-5 questionnaire and a color Duplex was performed after ICI.
The statistical analysis was performed using SPPS v.13.0.
We used the Wilcoxon matched paired test to determine the difference between preoperative and postoperative values of penile length, IIEF-5 score and Doppler parameters in each group. The two groups were compared in terms of differences between preoperative and postoperative values using Mann-Whitney U-test (statistical significance: Po0.05).
Surgical technique
The operation was performed under general anesthesia with the patient in the supine position. In patients with significant co-morbid diseases, spinal anesthesia can also be used.
An 18 Fr Foley catheter was inserted and No. 0 silk suture was passed through the glans to help the surgeon manipulate the penis during the operation.
A deep H-shaped corporotomy was performed on the curvature area after dissection of the overlying tissues (urethra or dorsal neurovascular bundle), as described by Lue and El-Sakka. 8 These measures were usually enough to correct the curvature.
Harvesting the preputial skin graft is the next step. A rectangular piece of prepuce was selected and carefully dissected from its underlying tissue, without perforating the graft, to facilitate its proper revascularization. Additional graft preparation includes immobilizing the skin graft on a hard surgical dressing and removing the rest of the subcutaneous tissue ( Figure 1 ). The graft is applied Figure 1 The preputial graft is laid on a surgical dressing and the rest of the sub-epidermal chorium is removed. Figure 2 Covering the gap of the corpora by preputial skin graft.
Preputial graft in penile curvature correction D Radopoulos et al on the corpora gap by placing the skin side over the erectile tissue and the graft is secured in place by interrupted 3-0 vicryl stitches ( Figure 2 ). It is not necessary to measure the size of the defect and the size of the graft because prepuce is more than enough to provide a generous rectangular graft. After we stitched the corners of the graft on one side, we trimmed the excess, leaving a reasonable amount to avoid tension and prevent shrinkage problems. A running inverted suture on each open side between the graft and the corpora facilitated watertight closure. Repeating the artificial erection is mandatory, to check penile straightening and possible saline extravasation from the suture line ( Figure 3 ). Leaks are closed by interrupted stitches. Circumcision of the remaining prepuce is always performed to avoid consequent lymphedema.
Dressing and immobilization of the penis were performed according to the coffee cup method. This includes covering the penis with a Vaseline swab, cotton and an elastic bundle to achieve flat compression throughout the shaft. The penis is immobilized in the erect position on the lower belly. Thus, pain from spontaneous tumescence and bleeding is avoided and smooth, flat compression of the graft is achieved to ensure proper revascularization, incorporation and good healing.
Results
All group A patients reported sexual and psychological problems with previous negative medical history. Three of them reported slightly painful intercourse. Although arterial supply and venoocclusive mechanism were normal in all patients, erections were normal in three; one presented with slight erectile dysfunction; and one had not yet had sexual intercourse, complaining of a lack of sexual interest. The mean IIEF-5 preoperative score of the four patients with sexual relations was 18.25 ± 1.26. Penile ultrasound scans were normal in all patients. The mean penile length was 17.26 ± 0.59 cm.
The , EDV 4.52 ± 0.66 cm s À1 and RI 0.84 ± 0.02. Among the patients in group A, the first postoperative visit did not reveal any particular problems, except slight glanular irritation due to circumcision in two patients. Two months later, at the second visit, four patients reported satisfaction and significant psychological improvement. For these patients, painful erection was resolved and a sensation of penile relaxation was reported. Straightening outcome was poor in the last patient. None of the patients complained of worsening erection or dilatation of the corpora in the graft area (ballooning), and there was no palpable hardness or other abnormality in this area. Mean IIEF-5 score increased to 19.5±0.58 and mean penile length to 18.37 ± 0.70 cm, but without statistical significance (P40.05). Three of five patients returned for a 1-year followup. These patients remained without venous leakage or ballooning of the graft area (Figure 4) . Of 14 Peyronie's patients, 12 returned for a 3-month follow-up. At their second visit, 10 patients reported satisfaction and a much better psychological condition. Painful intercourse had resolved and a sensation of penile relaxation was reported. Only two patients complained of worsened erections, as compared with the preoperative situation. None complained of dilatation of the corpora in the graft area (ballooning), palpable hardness or other abnormality. Two patients complained of transient severe glans numbness, which prevented orgasm. The mean IIEF-5 score increased to 17.64 ± 1.15 and mean length after ICI increased to 16.76 ± 1.04, but no statistical significance was noticed (P40.05). The postoperative mean values of PSV, EDV and RI in the third postoperative month were 31.70 ± 1.66 cm s À1 , 4.44 ± 0.84 cm s À1 and 0.86 ± 0.03, respectively. There was a 2.3±3.12 cm s À1 increase in PSV (Po0.05) and a slight decrease in EDV (P40.05), which remained within normal limits. The lack of any difference in RI represented efficacy of the venoocclusive mechanism. Table 1 shows pre-and postoperative mean values of mean penile length and mean IIEF-5 score in groups A and B. Finally, in those eight patients who completed the 1-year follow-up, these good results remained unchanged. Table 3 shows the straightening outcome in groups A and B at 3 and 12 months postoperatively.
Discussion
Surgical correction of penile curvature aims to maintain and improve the patient's sexual function. This is achieved by improving functional and psychological problems, such as decrease of penile length, difficulties in vaginal penetration, painful intercourse and penile deformity, as well as psychological or mixed erectile dysfunction, which often accompany penile curvature.
Conservative treatment of Peyronie's disease includes many different medical regimens administered in different ways, which reflects the unknown nature of the disease. Results of these treatments are doubtful and unreliable.
Nesbit and plication techniques are the most frequently applied surgical interventions with sa- Preputial graft in penile curvature correction D Radopoulos et al tisfying cosmetic and functional results; they are the methods of choice in patients with minor deformities and relatively long penises. However, their main disadvantage is loss of penile length, especially in patients with large curvatures. Removal or fullthickness incisions of Peyronie's plaque, and covering the gap created with different types of grafts, has the advantage of maintaining penile length and elasticity, especially in large curvatures and short penises. 9 The major disadvantage is that these techniques are time-consuming, complicated, expensive and usually demanding of non-urological experience or assistance. Furthermore, these techniques are usually accompanied by erectile dysfunction and numbness of the glans. 10 Selection of one of the above techniques depends on the surgeon's experience, the degree and site of the curvature and patient acceptance of penile shortening associated with the decision for a more prolonged and complicated operation. Proper discussion and counseling of curvature patients is the most critical point in selecting surgical technique. 11 However, some patients with minor deformities, depending on their personality, prefer grafting procedures. This is common among patients with Mediterranean personalities, who refuse even the smallest loss of length. This explains why our patients, with mostly minor curvatures, often chose a grafting procedure.
The major drawback of autologous grafts is tissue harvesting, which increases morbidity and lengthens operations. Synthetic materials are no longer used in grafting procedures in Peyronie's surgery because of their antigenicity and inappropriate functional properties. 12 An ideal graft for a grafting procedure should be cheap, easily harvested by a urologist, from a familiar surgical area. The optimal graft will not delay the operation, can be easily sutured to cover the tunica's gap, is elastic enough to maintain penile length and flexibility, is stable enough to prevent venous leakage and ballooning, and does not cause postoperative shrinkage. Finally, it should be well and easily vascularized and incorporated in the underlying tissue. 13 Despite the poor results of dermal grafts, due to shrinkage, ballooning and concomitant venoocclusive insufficiency, 14 the preputial graft does behave like a common dermal graft, as shown by dorsal on-lay preputial graft urethroplasties. 15 We have performed more than 300 preputial island flaps or graft urethroplasties for hypospadias or urethral stricture repair: the above complications did not appear. In these cases, the graft, which creates the neourethra, is placed with the skin side to the lumen of the urethra and the chorium side in contact with the loose vascular tissue to achieve proper vascularization. The neourethra functions effectively without shrinking or developing strictures. 16 Thus, the preputial graft is placed with the skin side over the erectile tissue, to be vascularized from the side opposite to the skin chorium, which should be in contact with the loose penile vascular tissue under Back's fascia. In addition, the tight structure of the foreskin's keratinized squamous epithelium functions to prevent venous leakage.
Despite a small number of patients and short follow-up time, preliminary results support the functional advantages of this graft material. Ten out of twelve (85.7%) patients in group B, who were examined 3 months postoperatively, were completely satisfied with penile straightening and their sexual behavior improved significantly. These results remained unchanged for the eight patients who returned for follow-up at 1 year. Functional and esthetic problems were resolved, painful intercourse disappeared and there was a sense of relaxation of the penis. We also observed penile elongation of about 1 cm in both groups (Po0.05). Similarly, in group A, four patients reported satisfaction with straightening at 3 months. The three patients who were followed up for 1 year reported no curvature relapse ( Table 3) .
The main disadvantages of the preputial graft are thought to be venous leakage and ballooning of the graft area, which could aggravate erectile dysfunction and result in additional deformity. However, these were not apparent from patient reports and the improvement in mean IIEF-5 scores for both groups (Po0.05 in group B). No patient experienced ballooning in the graft area and no abnormalities affecting aesthetic outcome were observed.
The criteria for ED according to IIEF-5 are severe o9, moderate 10-15, mild 16-20, normal X21 and cut-off value ¼ 16. According to vascular parameters, the ED criteria are PSVo30 cm s À1 and RIo0.85. In our patients, there was a slight increase in the PSV (0.8 ± 0.78 cm s À1 in group A and 2.3±3.12 cm s À1 in group B). Although this is not a statistically significant increase, it reflects the maintenance of a good postoperative arterial supply. Similarly, the minor, statistically insignificant, alterations in EDV and RI values in both groups reveal that our technique did not affect the venoocclusive mechanism and maintained erection in patients who presented good scores in preoperative IIEF-5 questionnaires. Only the two Peyronie's disease patients with moderate-to-severe preoperative erectile dysfunction, who elected to undergo the grafting procedure despite the explicitly stated high risk of worsened erection, experienced exacerbated erectile dysfunction. One eventually received a penile implant.
Conclusion
Surgical correction of congenital and acquired penile curvatures by full-thickness plaque incision and the use of preputial graft successfully treats penile curvatures and the accompanying sexual problems. The innovation in our described method is the use of this particular graft, which appears promising from our preliminary results. We believe that a larger patient sample and longer follow-up will further prove the usefulness of our technique.
